Elderly patients with isolated systolic hypertension (ISH)Fsystolic blood pressure (SBP) X140 mmHg and diastolic blood pressure (DBP) o90 mmHgFhave increased mortality and morbidity. The aim was to study the incidence of ISH in a younger population of between 15 and 60 years of age, and to measure pulse pressure (PP), mean arterial pressure (MAP) and heart rate (HR) in these subjects. The study population consisted of 27 783 subjects, aged 15-60 years, untreated for hypertension (HT) from a cohort of employees formed to study the incidence of HT in the French working population (AIHFP). BP and HR were measured with a validated, automatic device after 5, 6 and 7 min at rest. The prevalence of ISH was 6.9% in men, 2.3% in women. This prevalence was over 5% in young men and increased at 40-44 years; it was negligible in young women, but increased at 50-54 years to about 10% (ie to the same level as in men of the same age): PP in subjects with ISH (46.9 mmHg) was significantly higher than in the normotensive group (NTF40.9 mmHg); it was comparable in both young men (65.5 mmHg) and older men (66 mmHg); it was higher in men (63.1 mmHg) than in women (61.5 mmHg). HR was higher in ISH than in NT and it was higher in women (E5 bpm) in whom it decreased with age. The prevalence of ISH is not negligible in HT (30% men, 25% women), with a high prevalence in young subjects and elevated PP, MAP and HR values. These data should be taken into account as elevated ISH, PP and HR are considered as cardiovascular risk factors.
Introduction
The early epidemiological results of the Framingham Study showed that systolic blood pressure (SBP) was a better predictor of cardiovascular risk than diastolic blood pressure (DBP). However, it is the DBP that has been most commonly used over the last two decades, both in epidemiological and therapeutic studies. Guidelines defining normal BP as well as the severity of hypertension (HT) are mainly based on either DBP alone or SBP plus DBP. The concept of isolated systolic hypertension (ISH) 1 was developed more recently and used in the 1999 version of the WHO ISH guidelines.
This change is explained by several factors including:
* The results of many epidemiological studies, which have confirmed that the presence of ISH or an elevation of pulse pressure (PP) was strongly associated with cardiovascular morbidity and mortality over the age of 50.
2 * The results of intervention studies focusing on patients with ISHFsummarised in a recent meta-analysis 3 Fwhich reveal the benefit of antihypertensive treatment in persons over the age of 50. * The increase in the number of patients with ISH because of prolonged life expectancy in many industrialized countries.
In most studies, it seems that ISH is thought to be associated predominantly with age, in particular, in subjects over 60 years old with a mean age of 70 years. 4 It also seems that women predominate in general.
Thus, we have proposed a study of the prevalence of ISH in a younger cohort of subjects of both sexes of 15-60 years of age, taking into account the latest definitions of ISH. We also wished to study other parameters, such as PP, mean arterial pressure (MAP) and heart rate (HR).
Patients and methods
We studied 27 783 subjects who were not being treated for HT. These subjects were in a national cohort study of 30 000 employees formed to study the incidence of HT in the French working population (IHPAF). Analysis was by sex and by age group (interval ¼ 5 years). BP and HR were measured by 53 volunteer occupational health physicians selected from 100 doctors who had expressed interest in participating in a national study. The study population was selected to be nationally representative of the different economic sectors. Physicians examined all of the employees in their sectors or, if this number was too great, a fraction (400-800 subjects per physician). Workers from all sections of the economy except agricultural workers were included, thus generating a random sample of the working population on the basis of annual visits.
BP and HR were measured in the presence of the doctor after 5, 6 and 7 min of rest with the subject seated. An automatic device (Omron 705CP) 5 was used with the cuff matched to the size of the subject's arm. The BP and HR values quoted are mean values of three readings performed one after the other at the same consultation. If the mean of the three measurements was equal to or greater than 140 mmHg for SBP or 90 mmHg for DBP, the subject was asked to return 1 month later for another BP measurement (using the same method).
Excluded from the study were subjects of over 60 years of age (98 subjects) and patients being treated for HT (1741 subjects). ISH was defined as SBP values X140 mmHg and DBP values o90 mmHg as stipulated in the latest recommendations. 1 PP was defined as the difference between the SBP and the DBP readings. MAP was calculated from the formula MAP ¼ 2/3 DBP+1/3 SBP (ignoring the values given by the measurement apparatus).
A standardized questionnaire was filled in by the physician for each patient and included items pertaining to socioeconomic status and cardiovascular risk factors.
Statistical methods
Comparisons for a given level of BP were made by ANOVA for continuous variables, w 2 for qualitative variables and Pearson's coefficients for correlation, using the statistical package for the social sciences (SPSS). For analysis of observed differences, both raw and age-adjusted data were analysed.
Results
The main characteristics of the overall population are presented in Table 1 , which shows the prevalenceFin the population as a wholeFof ISH and isolated diastolic HT (IDH) with SBP o140 mmHg and DBP X90 mmHg and systolo-diastolic HT with SBP X140 mmHg and DBP X90 mmHg.: Table 2 shows the prevalence of ISH according to age and sex. For men of all ages the prevalence of ISH was 45.5%. There is a statistically significant isolated peak of 9.3% at the age of 20-24 years. Prevalence increased significantly from the age band 45 to 49 years to reach about 10% by 55-60 years. ISH, isolated systolic hypertension; N, number of subjects by sex and by age group; CI, confidence interval.
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In women, the prevalence was very low (o1%) until 35-39 years. Thereafter, there was a steady increase to reach 10% by 56-60 years. Table 3 shows the values for SBP, DBP, PP, MAP and HR in relation to sex and age for normotensive subjects (NT) and those with ISH.
In hypertensive men, the PP is, on average, always over 60 mmHg, and is the same in younger subjects (20-24 years) as older ones (55-60 years).
In hypertensive women, for the age bands where there were sufficient subjects to be analysed (from 40-44 years) the values are lower, but greater than 60 mmHg and then increase progressively with age until it reaches 65 mmHg (the same as in men).
In men, MAP increases moderately with age. In women, the values remain constant within the analysable age groups. From 30 to 35 years, the 
SBP, systolic blood pressure; DBP, diastolic blood pressure; PP, pulse pressure; MAP, mean arterial pressure; HR; heart rate, NT, normotensive; ISH, isolated systolic hypertension; M, men; F, female; s.d., standard deviation.
values are around 105 mmHg and are more or less similar in men and women. In men, HR is comparable in all age groups except for the oldest (55-60 years). In women, HR fell with age. HR was always higher in women than in men.
In our study, correlations are as follows: SBP/HR, r ¼ 0. 24 
The prevalence of ISH drops between the first and second consultations, with this drop being greater in the younger subjects (Table 4) .
Discussion
BP and HR measurements were made in occupational health clinics and thus in a population at work. The large number of subjects of both sexes were of all ages, so informative comparisons by age and sex could be made. The use of an automatic BP device eliminated bias from the recording. For the overall population, we have confirmed the data found in the literature. [6] [7] [8] There is a progressive increase in SBP with age in both sexes. For DBP, there is a rise but the increase stops at the age of 50 years. Values are higher in men than in women.
The analysis of subjects with ISH merits attention since new reference values have been published with SBP X140 mmHg, DBP o90 mmHg. In fact, most of the studies to date have defined ISH in terms of an SBP X160 mmHg and a DBP o95 mmHg, or even SBP X160 mmHg and DBP o90 mmHg.
In accordance with other studies of HT, we find that the prevalence of ISH is far from negligible (6.9%), the prevalence of IDH and systolo-diastolic HT being 4.1% and 11.7%, respectively.
Several elements already described in the literature are likely to influence this prevalence. Firstly, the reduction of the upper limit of DBP from 95 to 90 mmHg with an SBP of X160 mmHg has led to notable reduction in the prevalence of ISH with, nonetheless, similar variation between studies: 3.2-2.3%, 6 3.9-2.4% and 13.4-8.4%. 9 The reduction in the upper limit of normality for SBP (140 mmHg) leads, as might be expected, to an increase in the prevalence of ISH. In our study, it is always above 5% in young men and increases with age to reach a level of 10% in subjects of both sexes of between 55 and 60 years of age. Staessen et al, 6 using reference values for SBP X160 mmHg and DBP o90 mmHg, found a percentage of 0.2% for men and women of 40-49 years of age, and in the age group of 50-59 years, a percentage of 1.2% in men and 1.7% in women. If we applied the same reference values and the same age groups as Staessen, then the percentage prevalence we found would be nearly identical: 0.6% in men and 0.1% in women.
ISH is also common in young hypertensive subjects: in young men (o30 years) it may reach levels of 60%. Regardless of age (up to 60 years old), the percentage is of the order of 30%. ISH is thus not confined to the older population and should not be attributed to simple ageing, especially in men. This is not the case for women where the level of ISH is very low before 40 years of age.
Given the large number of subjects studied (n ¼ 888), the significant rise in the prevalence of ISH in the 20-24 age group in men is most probably not an artefact. O'Rourke found that ISH is 'not uncommon' in young healthy adults of between 15 and 25 years of age 10 and Mahmoud and Feely 11 found a prevalence of 12.6% in a population of 174 healthy, male medical students.
There is an important difference between men and women in the prevalence of ISH up to the age of 35-40 years. Indeed the level of ISH remains very low in young female subjects and it is only after 40 years of age that we observed a rapid rise. There are few studies in women of this age. In contrast, in the meta-analysis by Staessen et al, 3 the prevalence of ISH was higher in women (43%). However, the relevant group contained few subjects in this age group, and it was moreover poorly matched. Mahmoud and Feely 11 did not find any women suffering with ISH.
The number of measurements made during a consultation and the method of measurement are also likely to influence the prevalence of ISH. Thus in the work of Van Loo et al, 12 six measurements were made and thus the prevalence of ISH (reference values SBP X140 mmHg, DBP o90 mmHg) A, difference of prevalence between the first and the second advice.
Isolated systolic hypertension J-M Mallion et al decreased from 1.7 to 0.4%. In our study when three measurements were made at 1-min intervals after a 5 min rest, the prevalence dropped from 11% on the first measurement to 8.5% on the third. This finding reinforces the necessity for multiple measurements per consultation. This is even more important when considering younger subjects between 20 and 24 years of age where the prevalence decreases from 16.6 to 10.6%, while in the age group 55-60 years, the prevalence decreases from 14.6 to 13.9%.
Performing other measurements at a later consultation will also lead to a fall in the prevalence (Table  4) . Colandrea et al 13 examined 3245 subjects over three consultations and the prevalence dropped from 13.9 at the first visit to 2.7% at the third. In our study, a second measurement was carried out between 1 and 6 months later (mean 50 days). If all age groups are considered together, the ISH went from 6.9 to 3.4% in men and from 2.3 to 1% in women. This distribution of prevalence is not what was described by Sagie et al, 14 but this may be explained by the fact that they took into account patients with borderline ISH (SBP 140-159 mmHg, DBP o90 mmHg) and with IDH (SBP X160 mmHg). Furthermore, they did not examine young subjects (o30 years).
The values of PP in ISH patients are higher than in NT subjects regardless of sex as could be expected. It should be noted that PP does not increase in men of 20-50 years of age, but only after the age of 55 (see Figure 1 ).
In the literature, there are few references to young subjects and there is a tendency to imagine that PP increases with age in NT individuals as well as in hypertensives and to an even greater extent in patients with ISH. In fact, this does not seem to be true except for patients aged 60 and over. 8, 15, 16 Analysis of the MAP results leads to the same conclusions with higher values for both sexes in subjects with ISH than in normal subjects and also an absence of marked variation with age. Even in the 50 to 60-year-old group (a time when the PP rises), no concomitant rise in MAP was observed. Thus elevation of PP was mainly because of to a fall in arterial compliance rather than modifications in arterial resistance.
HR readings are higher in subjects with ISH than in NT subjects. This difference has already been reported in the literature for hypertensive subjects. 17 If we take into account the percentage of subjects who have a raised HR, for example, X85 bpm, then according to Morcet et al 18 the percentage is different for NTs compared to hypertensives, going from 4 to 21.3% in men and 7.6 to 23.6% in women.
In our data, if the threshold is set at HR 485 bpm, then the nontreated HT male subjects are 24.29% and females 31%. These proportions are much higher than NT subjects with 12.6% for men and 18.3% for women. It should be noted that members of the ISH group do not have HR values, which are higher than all HT patients taken together. The percentages found in our NT subjects are higher than in Morcet's study where we note that the HR, taken at rest, is lower.
When it comes to haemodynamics, ISH, PP, MAP and HR readings give complementary information. It was recently proposed 10, 11, 20 that an isolated increase in SBP and PP elevation in young subjects might represent nothing more than an unusually high amplification of the initial pressure wave. Such a phenomenon might be more common in tall subjects with low aortic pulse wave velocity, and therefore might be more common in young adult males than in young adult females because the former tend to be taller. 10 It has also been shown 11 that the arteries of young subjects with ISH, far from being stiff, tend to be highly elastic (nonsmokers and athletes). This is the background to the idea of 'spurious' or 'pseudo'-systolic hypertension in young men. MAP depends strongly on cardiac output and the resistance of the small peripheral vessels. HR reflectsFamong other factorsFcardiac output and variations in PP amplification. In the population with ISH, the values of PP, MAP and HR are all higher than in NT subjects. It seems that we cannot really differentiate younger male subjects from older subjects. Only the age group of 20-25 years poses a question with an elevated incidence of ISH. Female subjects can only be studied after the age of 40 years and, from that age on, their profile is similar to that of the men.
In epidemiological terms, whether we look at longitudinal or horizontal studies, all the data agree that the presence of ISH in older subjects is of negative prognostic significance in terms of cardiovascular morbidity and mortality. [19] [20] [21] [22] [23] [24] [25] [26] High brachial PP is of even worse prognostic significance, especially for coronary heart disease [27] [28] [29] [30] [31] [32] as was shown in a recent review of the literature. 30 The level of risk rises with age especially after 60 years ISH and elevated PP does not necessarily have the same significance in the young. Franklin et al 28 reported that DBP rather than isolated SBP is a more reliable predictor of CHD risk in patients of over 50 years. We have less data on this point, but one may refer to the conclusion of the Framingham cohort study 25 and of a French cohort study: 27 in the age group 40-69 years, Benetos et al 15 found that, in men, the relative risk (RR) for cardiovascular mortality associated with PP 450 mmHg vs those with a PP p50 mmHg was increased by 40% in NTs and 48% in hypertensives. This association was related to increased coronary but not cerebrovascular mortality in both NT and hypertensive men.
In our study, in the age range 40-60 years, the percentage of subjects who were NT with a PP of over 50 mmHg was 20% and was greater in men (25%). In subjects of under 40 years (who were not studied by Bennetos for morbidity or mortality), this level was 26% overall and 39% in men.
With the latest recommendations on diagnosing ISH, this condition is not rare in younger subjects, even in very young men or 50-year-old females. One may note that ISH is observed in 2/3 of all young hypertensives.
These results that cover both haemodynamic and epidemiological parameters should highlight the importance of recognizing and treating ISH. 
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